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Abstract
We present the PMAS/PPak Integral-field Supernova hosts COmpilation (PISCO) which comprises integral
field spectroscopy (IFS) of 232 supernova (SN) host galaxies, that hosted 272 SNe, observed over several
semesters with the 3.5m telescope at the Calar Alto Observatory (CAHA). PISCO is the largest collection of SN
host galaxies observed with wide-field IFS, totaling 466,347 individual spectra covering a typical spatial resolu-
tion of∼380 pc. While focused studies regarding specific SN Ia-related topics will be published elsewhere, this
paper aims to present the properties of the SN environments with stellar population (SP) synthesis and the gas-
phase interstellar medium, providing additional results separating stripped-envelope SNe into their subtypes.
With 11,270 HII regions detected in all galaxies, we present for the first time an H II region statistical analysis,
that puts H II regions that have hosted SNe in context with all other star forming clumps within their galaxies.
SNe Ic are associated to more metal-rich, higher EW(H α) and higher star formation rate (SFR) environments
within their host galaxies than the mean of all HII regions detected within each host, on contrary SNe IIb occur
at the most different environments compared to other core-collapse SNe types. We find two clear components
of young and old SP at SNe IIn locations. We find that SNe II fast-decliners (IIL) tend to explode at locations
where Σ SFR is more intense. Finally, we outline how a future dedicated IFS survey of galaxies in parallel to an
untargeted SN search would overcome the biases in current environmental studies.
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1. INTRODUCTION
Corresponding author: Lluís Galbany
llgalbany@pitt.edu
Supernovae (SNe) are the main driver of chemical en-
richment of the interstellar medium in galaxies (Matteucci
& Greggio 1986; Martig & Bournaud 2010) by propelling
the elements created in the interior of their progenitor stars
and during the explosion (Hoyle & Fowler 1960; Woosley &
Weaver 1986), and also one of the main producers of dust
grains (Todini & Ferrara 2001; Bianchi & Schneider 2007).
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However, the ultimate link between different kinds of SN ex-
plosions and their progenitor systems is far from being iden-
tified, and it is also key for our understanding of stellar evolu-
tion since various models predict different end-paths for stars
in a range of masses, metallicities and ages.
Although SNe Ia are the most precise extragalactic dis-
tance indicator to date (Betoule et al. 2014; Scolnic et al.
2017), the exact understanding of the progenitor systems and
explosion mechanism of SNe Ia remains elusive. There is
a wide consensus in the community that their progenitors
are low mass stars (1 < M < 8 M ; Becker & Iben 1980)
that evolve to form degenerate carbon-oxygen (C/O) white
dwarfs (WD) with masses in the range of 0.5 < M < 1.1
M (Dominguez et al. 1999). A WD in a binary system
can accrete mass from its companion star and, under certain
conditions, increase its mass to the point that thermonuclear
reactions can ignite in its center to completely disrupt the
star (Hoyle & Fowler 1960). Some heterogeneities in the ob-
served properties of SNe Ia can be attributed to differences
in the nature of the companion star (another WD or non-
degenerate donor star), the actual mass (below or close to
the Chandrasekhar limit) of the WD at the explosion (Maoz
et al. 2014), or in differences in how the explosion initiates
and propagates (as a detonation or a deflagration).
On the other hand, single-star evolution models predict that
massive stars (M > 8 M ) form a heavy iron core 4-40 Myr
after their birth, which gravitationally collapses into a neu-
tron star or a black hole triggering the explosive ejection of
the star outer envelope, and producing a core collapse super-
novae (CC SN; Bethe et al. 1979; Arnett et al. 1989). Type II
SNe are the most common CC SN. They retain their external
H layer prior to explosion, and have also proved to be useful
distance indicators (e.g., de Jaeger et al. 2017). Progenitor
detections in pre-explosion images have constrained the ini-
tial mass to be between 8.5 and 16.5 M , the most viable can-
didates being red supergiants (RSG; Smartt 2015). Histori-
cally, SNe II have been divided in two families, plateau (IIP)
and linear (IIL), depending on their post-maximum bright-
ness decay rate, but current evidence have probed this sep-
aration to be superfluous since all SNII cover a continuous
range of decay rates (Anderson et al. 2014; Sanders et al.
2015; Galbany et al. 2016c). Type IIn SNe show narrow lines
in their spectra resulting from interaction between the ejecta
and circumstellar matter (CSM). Although only a few pro-
genitor detections have been reported (Gal-Yam & Leonard
2009), their progenitors could be less massive than the nor-
mal SN II (Anderson et al. 2012; Habergham et al. 2014).
A small fraction of CC SNe are stripped of a fraction (SNe
IIb) or all (SNe Ib) of their H and even He (SNe Ic) outer
layers before explosion. The reason behind this sequence
of different levels of mass-loss could be the initial zero-age
main-sequence mass, metal content, rotation, or inter-layer
mixing of the progenitor. Two configurations may plausi-
bly explain their nature. In the single-star scenario, the best
candidates are massive (>25-30 M ) Wolf-Rayet stars that
have been stripped of their envelopes by strong-line driven
winds, which are dependent on metallicity (Crowther 2007;
Vink et al. 2001). The other possibility is lower-mass stars
in binary systems that transfer the outer envelopes by inter-
action with the companion (Podsiadlowski et al. 1992). In
this latter case, the progenitor does not need to be as massive
or as young as WR stars. From the six stripped envelope SN
progenitors detected in pre-explosion images, five are of SNe
IIb (e.g. Maund et al. 2004; Folatelli et al. 2014), all being
consistent with binary progenitors, and only 1 SN Ib which
was constrained to be a <25 M star also in a binary sys-
tem (Bersten et al. 2014; Kuncarayakti et al. 2015a). There-
fore, questions such as the role of binarity, strong-line driven
winds, and/or non-steady eruptive mass loss in determining
SN type remain unanswered.
Probing the connection of observed supernova properties
to a variety of possible progenitor stars has been a topic of in-
terest in astrophysics for decades, but only for a few objects
with pre-explosion Hubble Space Telescope imaging avail-
able has a direct connection been possible. Other methods
include the analysis of SN spectra in the nebular phase (>200
days post-explosion) when the elements in the internal layers
of the progenitor become optically thin to be detected (Jerk-
strand 2017; Kuncarayakti et al. 2015b).
The study of the SN environment, although not being a di-
rect approach, has been able to find trends and put constraints
by finding different degrees of association for SN types to a
range of host environment properties (See Anderson et al.
2015b for a review). In this effort, integral field spectroscopy
(IFS) has proved useful for both studies of individual nearby
galaxies (Krühler et al. 2017) and of statistical samples of SN
host galaxies in the nearby Universe. Seminal works, such as
Stanishev et al. (2012), showed the power of this approach
and now IFS is the established approach for SN environ-
mental studies (Kuncarayakti et al. 2013a,b, 2017a; Rigault
et al. 2013; Galbany et al. 2014, 2016a,b, 2017; Lyman et al.
2018).
This paper builds on previous work on SN environ-
ments within the Calar Alto Legacy Integral Field Area
(CALIFA; Sánchez et al. 2016) survey and presents the
PMAS-PPak Integral-field Supernova hosts COmpilation
(PISCO) consisting of IFS data of 232 galaxies observed
with PMAS/PPak and the 3.5m CAHA telescope using the
same instrumental configuration. Observations for a 100
galaxies are presented here for the first time. PISCO is an
effort that responds to the need of increasing the number
of SN host galaxies observed with PMAS/PPak both (i) to
construct statistical samples for SN subtypes not well repre-
sented in previous works, and (ii) to complete the CALIFA
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Table 1. Details of the observing programs in CAHA dedicated to obtain PMAS/PPak IFS data of SN host
galaxies (PI: Galbany).
Semester Proposal ID Time awarded Objects observed Title
15B H15-3.5-004 4 nights 45 IFS of core collapse supernova environments in low mass galaxies
16A F16-3.5-006 5 nights 21 Constraining supernova progenitors using the narrow Na absorption
16B H16-3.5-012 2 nights 9 Reducing Systematic effects in NIR SN Ia standardization
17A F17-3.5-001 3 nights 12 Reducing Systematic effects in NIR SN Ia standardization II
17B H17-3.5-001 2 nights 13 Reducing Systematic effects in NIR SN Ia standardization III
DR3 sample with objects in the low-mass regime, decreasing
the host galaxy luminosity bias and probing a larger range
in host stellar populations. While specific studies regarding
specific SN Ia-related topics will be published elsewhere,
this paper aims to present the CC SN sample and update past
results on correlation between SN type and star-formation
and metallicity of its environment. In addition, and taking
advantage of the large amount of information contained in a
single IFS galaxy observation, we performed an H II region
statistical analysis which allows us to compare SNe locations
with all other HII regions within their hosts.
In Section 2 we describe the sample and give details on the
specific programs that are part of PISCO. Section 3 contains
a full explanation of the analysis performed on the datacubes
that is used in following sections. In Section 4 we discuss the
masses of the galaxies included in PISCO and how the new
observations helped to reduce the previous existing bias to-
wards high-mass galaxies present in the CALIFA survey. In
Section 5 we update previous results presented in Galbany
et al. (2014, 2016b, 2017) including all new observations
from PISCO. Section 6 contains the results and discussion of
a technique presented in Galbany et al. (2016a) that consists
of performing H II region statistics and study the properties
of the SN parent H II region in terms of all other H II regions
in the galaxy. In Section 7 we discuss the implications of our
results for different supernova type progenitors. In Section 8
we present, for the first time, a correlation found with PISCO
data between SN II post-maximum brightness decline and lo-
cal star-formation rate intensity. Finally, in Section 9 we give
a summary and list all our conclusions and in Section 10 out-
line future directions of work.
2. SAMPLE DESCRIPTION
The PMAS-PPak Integral-field Supernova hosts COmpi-
lation (PISCO) puts together Integral Field Spectroscopy
(IFS) observations of SN host galaxies performed with the
Potsdam Multi Aperture Spectograph (PMAS; Roth et al.
2005) in PPak mode (Verheijen et al. 2004; Kelz et al. 2006)
mounted to the 3.5m telescope of the Centro Astronómico
Hispano Alemán (CAHA) located at Calar Alto Observatory
in Almería, Spain.
PPak consists of a fiber bundle of 382 fibers each with a
2.700diameter, 331 of which (science fibers) are ordered in
a single hexagonal bundle with a filling factor of the field-
of-view (FoV) of 55% (See Figure 1; Verheijen et al. 2004;
Kelz et al. 2006). The remaining fibers are used for sky mea-
surements (36), evenly distributed along a circle beyond the
science fibers, and for calibration purposes (15). Most of the
observations were done with the V500 grating with 500 lines
mm−1 which provides a spectral resolution of∼6 Å and cov-
ers the whole optical range from 3750 to 7300 Å. A signif-
icant fraction (77/101) of the galaxies in PISCO were also
observed with the higher-resolution V1200 grating, which
has 1200 lines mm −1 and covers the range from 3400 to
4750 Å with a resolution of ∼2.7 Å. For those galaxies, we
analyzed a combined cube from both the higher spectral res-
olution in the range covered by the V1200 grating, and the
V500 resolution up to 7300 Å. Each galaxy was observed
in three 900 s exposures. The second and third exposures
were shifted by an offset of∆ (RA,Dec) = (−5.22,−4.84) and
(−5.22,+4.84) arcsec with respect to the position of the first
exposure to ensure that every point within the FoV is spec-
troscopically sampled (See Figure 1 top-left panel). The
combination of these three pointings provides wavelength-
and flux-calibrated 3D datacubes with 100% covering factor
within a hexagonal FoV of ∼1.3 arcmin2 with 100× 100pixels,
which correspond to ∼4000 spectra per object. For galax-
ies fainter than r∼16 mag each individual exposure was in-
creased to 1200s.
Around half of these observations (132 galaxies that hosted
154 SNe) were already presented in Galbany et al. (2014,
2016b, 2017), and were performed mostly in the frame-
work of the Calar Alto Legacy Integral Field Area (CAL-
IFA; Sánchez et al. 2012a; Walcher et al. 2014), although
more specific details can be found in Appendix A. One of
the CALIFA-extension projects described in the 3rd Sánchez
et al. (2016) was "IFS of core collapse supernova environ-
ments in low-mass galaxies", and contributed to the 3rd data
release with 14 objects (marked in Table 2 with e). Here we
present the whole sample of SN host galaxies from that par-
ticular program, together with 4 new programs focused on
SNe Ia, making a total of 100 SN host galaxies. The observ-
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Figure 1. Top-left: PPak science fiber-bundle showing the 3 pointings used to cover 100% of the FoV. Top-middle: 1"-side spaxel configuration
resulting of performing the dithering pattern. Top-right: Slice of a PMAS/PPak datacube corresponding to the position of the H α emission
line. Middle: Spectrum of NGC 6373 nucleus (black), together with the best STARLIGHT fit (red) and the pure nebular emission line spectrum
(the difference, in blue). Brown shadows are the wavelength ranges masked in the stellar population fit. Vertical dotted lines correspond the
positions of the fitted emission lines. Bottom: Luminosity- and mass-weighted stellar age distribution of the fit shown in the middle panel.
Contributions of the bases with different metallicities are displayed in different colors.
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ing program code, title and time awarded for each of these 5
campaigns are summarized in Table 1.
During the first campaign (semester 15B) we obtained ob-
servations of 45 (of the 50 proposed) low-mass (< 1010 M )
galaxies that hosted core-collapse supernovae (CCSN) with
well-determined classification: SN types II, IIn, IIb, Ib, and
Ic. This project aimed to resolve a bias identified in Gal-
bany et al. (2014) due to the absence of low-mass galax-
ies in the CALIFA sample. The origin of this bias came
from the construction of the sample, which was selected from
the Sloan Digital Sky Survey (SDSS) DR7 with 2 simple
cuts on redshift and angular size, hence discarding galax-
ies that did not cover a significant fraction of the instrument
FoV (Walcher et al. 2014). With the addition of these new
objects we are able to update the results presented in past
works in terms of different SN subtypes and, in addition, in-
crease the completeness of the SN host galaxy sample from
the CALIFA Survey with low-mass (< 10 10 M ) galaxies.
These SNe were selected from the Open Supernova Catalog
(OSC1; Guillochon et al. 2017) following these criteria: a)
SN projected galactocentric distance lower than 40 arcsec, in
order to cover the local SN environment with PMAS/PPak;
b) Recession velocity of the galaxy lower than 9000 km/s
(∼z< 0.03); c) log10 D25 (decimal logarithm of the apparent
25 mag/arcmin2 isophotal diameter) lower than 1.12, which
corresponds to galactic radius lower than 40 arcsec; d) Decli-
nation > 0 deg; e) SN light-curve publicly or privately avail-
able.
While specific studies regarding specific SN Ia-related top-
ics will be published elsewhere, this paper aims to present the
CC SN sample, update past results on correlation between
SN type and star-formation and metallicity of its environ-
ment, and perform an H II region statistics analysis with the
whole PISCO sample. Further details on the other programs
can be found in Appendix B.
In Table 2 we list the properties of the 232 galaxies and
272 SNe included in PISCO. This consists of 120 type Ia SNe
(including two peculiar, two 91bg-like, six 91T-like, and one
02cx-like), 57 stripped-envelope SNe (including 19 Ib, 20
Ic, 12 IIb, one Ic-BL, four typed as Ibc, and one peculiar),
and 95 type II SNe (including 19 IIn). All galaxy parame-
ters in Table 2 are taken from the NASA/IPAC Extragalactic
Database (NED2) or the SIMBAD Astronomical Database 3
when no information was available. To reduce the effects of
SN classification errors from initial discoveries because they
might not be completely accurate, we performed a thorough
search in discovery and classification reports from the As-
1 https://sne.space
2 https://ned.ipac.caltech.edu/
3 http://simbad.u-strasbg.fr/simbad
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Figure 2. Top panel: g−r color vs. absolute r-band magnitude (Mr)
diagram. On the background in grey contours are those parameters
for the whole CALIFA sample as a reference. Blue dots with black
contour correspond to those objects from PISCO that were observed
under the low-mass galaxies program. Middle panel: Mr magni-
tude vs. redshift for all galaxies included in PISCO colored by their
source. Note that PINGS galaxies are more nearby than CALIFA
DR3 galaxies, and galaxies presented here are fainter, therefore less
massive, compared to the CALIFA sample. Bottom panel: Distri-
bution of redshift and physical angular scale (pc/spaxel; in the inner
panel) for the 232 galaxies in PISCO. Vertical lines are the average
redshifts for the CALIFA+Extensions sample (in red), the new ob-
servations presented here (in blue), and the whole PISCO sample
(in black).
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tronomers Telegram4 and the Transient Name Server (TNS5),
the Asiago (Barbon et al. 1989) and OSC SN catalogs, and
in published literature through the NASA Astrophysics Data
System (ADS6) . We tried to keep the most precise subtype
classification (e.g. Ia 91bg-like, Ic-BL, etc...) when possible,
but we left the more ambiguous classification when sources
disagree or when we were not confident with the reclassifica-
tion.
The two upper panels of Figure 2 show a host galaxy
g−r color versus absolute r-band magnitudes and an abso-
lute r-band magnitude M r versus redshift diagrams, all col-
ored by the source the galaxy comes from. Galaxies from
the CALIFA sample are included in grey contours for ref-
erence. Galaxy magnitudes were retrieved from the SDSS
DR14 (modelmag; Abolfathi et al. 2017), but for 46 objects
we took their magnitudes from Pan-STARRS1 DR1 (Cham-
bers et al. 2016; preferentially Kron magnitudes, but PSF
when those were not available). These panels clearly show
how galaxies included in DR3 (labelled CALIFA+Ext. in Fig-
ure 2) lay on top of the CALIFA footprint, with some outliers
that come from extension programs not following CALIFA
sample cuts. Galaxies from PINGS are larger, brighter, and at
lower redshifts than the bulk of galaxies included in PISCO,
as shown in the figure.
We have plotted together (in blue) all 100 galaxies pre-
sented for the first time here, and it can be seen that those cor-
responding to the low-mass project (blue points with black
edges) are objects at similar redshifts as the CALIFA sam-
ple but a few magnitudes fainter, which is explained by their
smaller sizes (we did not require a minimum size in our
sample selection). On the other hand, a few galaxies ex-
tend the redshift range up to 0.09, which correspond to SN
Ia hosts observed in semesters 16B-17B (See Appendix B).
In the lower panel of Figure 2 we show the luminosity dis-
tance/redshift and angular physical scale (inner panel) distri-
butions. The average redshift of all 232 galaxies included in
PISCO is 0.0192, which corresponds to an angular scale of
∼380 pc/".
3. REDUCTION AND ANALYSIS
3.1. Reduction
All data was reduced with the same exact pipeline used for
the CALIFA DR3 (v2.2; all details can be found in Huse-
mann et al. 2013; García-Benito et al. 2015, and Sánchez
et al. 2016). The reduction process is comprised of the fol-
lowing steps:
4 http://www.astronomerstelegram.org
5 https://wis-tns.weizmann.ac.il/
6 http://www.adsabs.harvard.edu
(i) each set of four FITS files created by the amplifiers of
the detector are re-arranged into a single frame, which
is then bias subtracted and cleaned of cosmic rays;
(ii) relative offsets in the tracing due to flexure are esti-
mated by comparing the continuum and arc-lamp cali-
bration frames, the corresponding wavelength solution
is applied to each individual 2D science frame, and all
individual spectra are extracted using an optimal ex-
traction algorithm (Horne 1986) and stored in a row-
stacked-spectrum (RSS) file;
(iii) flux calibration is performed using a dedicated paral-
lel program, which consists of reobserving two dozen
CALIFA early-type galaxies (ETGs) and a set of the
standard stars with the PMAS Lens-Array (LArr;
Husemann et al. in prep.), and comparing the pho-
tometry from these observations to aperture-matched
SDSS photometry in the g and r-bands;
(iv) science spectra corresponding to the three dithered ex-
posures were combined into a single frame of 993
spectra. The flux corresponding to the 331 apertures
of the fibers for each pointing is measured from sky-
subtracted SDSS DR7 images in the bands covering
the wavelength of our observation, when available.
The apertures are shifted over a search box around the
nominal coordinates of the pointing and the best regis-
tration is found on the basis of aχ2 comparison, which
results in an accurate astrometry with a typical error of
∼0.2";
(v) a Galactic extinction correction is applied using dust
maps from Schlegel et al. (1998) assuming a Cardelli
et al. (1989) extinction law. All cubes in PISCO in-
clude this correction in the reduced cubes;
(vi) a flux-conserving inverse-distance weighting scheme
is used to reconstruct a spatial image with a sampling
of 1" in a two-step process, first reconstructing the dat-
acube and estimating the differential atmospheric re-
fraction (DAR) offset, and secondly reconstructed the
cube again but shifting the position of the fiber at each
wavelength against the regular grid according to the
DAR offset measured in the first step;
(vii) for the CALIFA DR3 data, when observations with
two gratings are available a combined cube is cre-
ated, which spans an unvignetted wavelength range
of 3700−7140 Å. The V1200 data is spatially recen-
tered, flux rescaled and degraded in spectral resolution
to match the V500 data, and the spectra corresponding
to each dataset in the overlap region is averaged out,
weighted by the inverse of the cube error;
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(viii) finally, sky-subtracted SDSS DR7 g- and r-band im-
ages are downsampled to 1"/pixel (See Figure 1 top-
middle panel), and corresponding g- and r-band im-
ages are also created from the CALIFA datacubes, to
match their spectrophotometry as much as possible.
Both images are registered using a Discrete Fourier
Transform and the offsets are updated in the CALIFA
image, and stored in the final 3D datacube. Following
this procedure the absolute spectrophotometric accu-
racy is better than 3%.
3.2. Analysis
The analysis was performed in a similar way as that pre-
sented in Stanishev et al. 2012; Galbany et al. 2014, 2016b
and Galbany et al. (2017), employing our routines written
in IDL7 and Python8. The procedures described below were
applied to all individual 466,347 spectra included in the 232
datacubes, and also to the 71,654 spectra resulting from a
Voronoi-binning tesselation (Cappellari & Copin 2003) that
substituted all spectra with S/N lower than 20 in a contin-
uum band around 4800 Å. In addition, for each galaxy we
extracted a spectrum in a circular aperture 1 kpc in diame-
ter centered on the galaxy core, and an integrated spectrum
by summing up all spaxels in the FoV containing galaxy
light with signal-to-noise ratio higher than 1. In order to ex-
clude light from foreground stars we constructed 2D masks
of point sources from SDSS or Pan-STARRS1 imaging. The
2D spatial-configuration of our data allows us to characterize
the nature of the emitted light from galaxies. As described
below, we mapped regions whose emission is not dominated
by ionization from star-forming regions but from the pres-
ence of Active Galactic Nuclei (AGN). We produced two dif-
ferent integrated spectra for those galaxies containing AGNs,
the second excluding the above-mentioned region. For SN
locations, a circular aperture corresponding to 1 kpc diame-
ter was also extracted. In case of low S/N, series of spectra
were extracted in apertures centered at the SN positions and
with radii up to 6 00, and the spectrum with smallest aperture
with S/N> 3 in the same continuum band was used.
3.2.1. Stellar populations
We used STARLIGHT (Cid Fernandes et al. 2005, 2009)
to estimate the fractional contribution of different simple stel-
lar populations (SSP) with different ages and metallicities to
the stellar continuum in the spectra, assuming that the star
formation history of a galaxy can be approximated as the sum
of discrete star formation bursts (See Figure 1 middle and
bottom panels). Dust effects, parametrized by AstarV are mod-
7 http://www.harrisgeospatial.com/SoftwareTechnology/IDL.aspx
8 https://www.python.org/
eled as a foreground screen with a Fitzpatrick (1999) redden-
ing law assuming R V = 3.1. From the fits to the integrated
spectra, the total stellar mass (M ∗) is recovered by combin-
ing the mass-to-light ratio of the different SSPs contributing
to the best fit. In this work we selected two different model
bases:
(i) to fit all individual and Voronoi spectra, we chose a se-
lection of 66 components with 17 different ages (from
1 Myr to 18 Gyr) and four metallicities (0.2, 0.4, 1.0
and 2.5 Z , where Z =0.02) coming from a slightly
modified version of the models of Bruzual & Char-
lot (2003)9, replacing STELIB by the MILES spectral
library (Sánchez-Blázquez et al. 2006), Padova 1994
evolutionary tracks, Chabrier (2003) initial mass func-
tion (IMF) truncated at 0.1 and 100 M , with calcula-
tions of the TP-AGB evolutionary phase for stars of
different mass and metallicity by Marigo & Girardi
(2007) and Marigo et al. (2008).
(ii) to fit all integrated, central, SN location, and HII region
(see Section 3.3) spectra we used the “Granada-Miles”
(GM) base, which is a combination of the MILES
SSP spectra provided by Vazdekis et al. (2010, as up-
dated by Falcón-Barroso et al. 2011) for populations
older than t = 63 Myr and the González Delgado et al.
(2005) models for younger ages. They are based on
the Salpeter (1955) Initial Mass Function and the evo-
lutionary tracks by Girardi et al. (2000), except for the
youngest ages (<3 Myr), which are based on Geneva
tracks Schaller et al. (1992); Schaerer et al. (1993b,a);
Charbonnel et al. (1993). The GM base is defined as a
regular (t, Z) grid of 248 models with 62 ages spanning
t = 0.001-14 Gyr and four metallicites (Z/Zsun = 0.2,
0.4, 1, and 1.5).
The main reason of choosing (i) over (ii) to do the initial anal-
ysis was the larger amount of spectra to fit ( ∼500,000 over
a few thousands) and the lower number of bases (66 over
248), which reduced the amount of computing time. In gen-
eral, results from both bases are broadly similar as discussed
in González Delgado et al. (2015), although star formation
histories are smoother in a larger base.
3.2.2. Gas-phase emission
We subtracted STARLIGHT fits from the observed spec-
tra to obtain pure gas emission spectra (See Figure 1 mid-
dle panel). We then accurately measure the flux of the most
prominent emission lines by means of weighted nonlinear
least-squares fit with a single Gaussian plus a linear term.
Errors on the flux measurement were determined from the
9 See Bruzual (2007) for more information.
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Figure 3. Continuum-corrected Hα emission line maps of 12 sample galaxies form the new observations listed in Table 2. Orange patches
represent HII regions selected through the method described in Section 3.3, red stars represent SN locations, and black× galaxy cores, which
were measured by fitting a 2D-gaussian function to the collapsed map.
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S/N of the line flux and the ratio among the fitted amplitude
to the standard deviation of the underlying continuum. The
flux of H α is a good proxy of the current (< 10 Myr) star
formation rate and has been extensively used in the litera-
ture (Kennicutt 1998a; Catalán-Torrecilla et al. 2015). More-
over, the intensity ratio of the observed H α (6563 Å) and
Hβ (4861 Å) emission lines, i.e., the Balmer decrement, pro-
vides an estimate of the optical extinction due to the dust
attenuation. In photoionized nebulae, the intrinsic value of
the I(Hα)/I(Hβ) ratio is 2.86, representative of low density
nebular conditions∼103 cm−3 around a heating source with a
typical temperature T∼ 104 K and large optical depths (Case
B recombination; Osterbrock & Ferland 2006). Using a Fitz-
patrick (1999) extinction law, we obtain an estimate of the
color excess E(B−V ) due to host galaxy dust which, adopting
the Galactic average value of R V = AgasV / E(B−V )= 3.1, can
be used to infer A gasV . All optical emission lines previously
measured are then corrected for the host galaxy dust extinc-
tion. In addition, Hα equivalent widths (EW) are measured
by first dividing the observed spectra by the STARLIGHT
fit, and repeating the weighted nonlinear least-squares fit in
the normalized spectra. Finally, 2D maps of emission-lines
and stellar parameters were constructed. Figure 3 shows the
extinction-corrected Hα emission 2D maps for 12 of the new
galaxies listed in Table 2. Fluxes and parameters measured
in the local (1 kpc) SN spectra used in this work are reported
in Table 3.
3.3. HII region segmentation
Wide-field IFS allows SN explosion site parameters to be
compared not only to those of the overall host, but to all other
stellar populations found within hosts, therefore exploiting
the full capabilities of the data. Following Galbany et al.
(2016a) we developed a method to characterize the SN parent
cluster in comparison to all other H II regions in the galaxy,
which consists of selecting the closest H II clump to the SN
(under the assumption that the progenitor was born there) and
then comparing such properties to the same parameters mea-
sured in all other nebular clusters in the galaxy.
Using our extinction-corrected H α maps we selected
star-forming H II regions across each galaxy with HII EX -
PLORER 10 (Sánchez et al. 2012b), a package that detects
clumps of higher intensity in a map by aggregating adjacent
pixels until one of the following criteria is reached: (i) a min-
imum flux threshold (the median H α emission in the map),
(ii) a relative flux with respect to the peak (10% of the peak
flux), or (iii) a radial distance limit (500pc). The distance
limit takes into account the typical size of H II regions of a
few hundreds of parsecs (e.g., Gonzalez Delgado & Perez
1997; Lopez et al. 2011). The code starts with the bright-
10 http://www.caha.es/sanchez/HII_explorer/
est pixel, and iterates until no peak with a flux exceeding
the median H α emission flux of the galaxy is left. Known
caveats of the method are the following: the code does not
always select individual H II regions since the physical scale
of a real HII region could be significantly smaller than the
CALIFA pixel size (1 to 6 regions per clump can be expected
according to Mast et al. 2014 ); and the code tends to select
regions with similar sizes, although real HII regions have
different sizes.
Once the HII regions were identified, the same analysis de-
scribed above was performed to the extracted spectra. Spec-
tra with EW(H α) lower than 6 Å (justified by a correlation
between EW(H α) and the fraction of young populations;
Sánchez et al. 2013, as shown in the WHAN diagram; Cid
Fernandes et al. 2011) or falling in the AGN region in the
BPT diagram (Baldwin et al. 1981) according to (Kewley
et al. 2001) criterium were discarded to make sure that the
emission is caused by ionization from star-formation. From
all 232 galaxies, the total number of HII regions that we
are left with is 11,270, which makes an average of ∼49 per
galaxy. In Figure 3 we show the resulting H II regions over-
ploted on the Hα 2D maps for 12 galaxies.
4. GALAXY STELLAR MASSES
Figure 4 shows the distribution of stellar masses, in units
of log10 M , for various PISCO galaxy subsamples. In solid
thick lines we show the distributions of all SN Ia (in blue)
and CC SN (in red) host galaxies in PISCO. All mass mea-
surements are reported in Table 3. As expected SN Ia hosts
have on average larger stellar masses (10.36 dex), as they
include the earliest types, compared to CC SN hosts (10.11
dex) which are all late-type and also include a selected group
of low-mass galaxies.
We also include, as a comparison in dotted and dashed
lines respectively, stellar masses from representative targeted
and untargeted SN host galaxy samples from the literature:
targeted CC SN hosts of Kelly & Kirshner (2012); untargeted
CC SN hosts from the PTF survey (Stoll et al. 2013) and from
Kelly & Kirshner (2012) compiled from several different sur-
veys; untargeted SN Ia hosts from PTF (Pan et al. 2014); and
targeted SN Ia galaxies of Kelly & Kirshner (2012) and Neill
et al. (2009). Finally, we split each PISCO SN Ia and CC
SN subsample in two, to study how the representativeness of
PISCO has improved compared with the sample presented in
G16. We performed two-sample Anderson-Darlington (AD)
tests to check whether distributions were drawn from the
same underlying population. AD test is a modification of
the Kolmogorov-Smirnov (KS) test that is more sensitive to
the tails of distribution, whereas KS test is more sensible to
the center of distribution.
SN Ia host galaxies presented in G16 have an aver-
age stellar mass of 10.58 dex and are representative of
10 GALBANY ET AL .
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Figure 4. Cumulative distribution of the masses of all PISCO galax-
ies separated by SN Ia and CC SN hosts. As a comparison we also
show the untargeted (dotted lines) CC SNe hosts from the PTF (Stoll
et al. 2013) and from Kelly & Kirshner (2012) compiled from sev-
eral different surveys, as well as the targeted (dashed lines) CC SN
galaxy samples of Kelly & Kirshner (2012). We show untargeted
SN Ia hosts from PTF (Pan et al. 2014) and targeted SN Ia galax-
ies of Kelly & Kirshner (2012) and Neill et al. (2009). This figure
clearly shows that the SN targeted surveys are biased toward mas-
sive galaxies. While in G16 we showed that the SN host galaxies
from CALIFA had masses similar to other targeted searches, SN Ia
host galaxies in PISCO follow the untargeted SN Ia host galaxy dis-
tribution. However, even with the addition of the galaxies observed
under the low-mass project (orange distribution), we see that CC SN
host galaxy distribution in PISCO is between CC SN targeted and
untargeted distributions.
galaxies that host SNe Ia discovered by targeted searches
(ADG16−Ia,T=0.10, ADG16−Ia,U=0.02). In this present pa-
per we add 38 new objects with an average lower stellar
masses (10.08 dex). Figure 4 clearly shows that these new
objects convert the PISCO SN Ia galaxy sample into one
Table 4. Average values for each SN subtype
SN type log10 (Σ SFR) EW(Hα ) [Å] < log10 (t∗)L > 12 + log10 O/H
Ia -2.317 ± 0.083 18.296 ± 1.805 8.935 ± 0.060 8.643 ± 0.025
II -1.809 ± 0.119 56.012 ± 8.674 8.480 ± 0.070 8.540 ± 0.036
Ibc -1.795 ± 0.079 47.943 ± 5.255 8.453 ± 0.071 8.577 ± 0.034
Ib -1.635 ± 0.121 44.653 ± 5.439 8.430 ± 0.103 8.623 ± 0.036
Ic -1.671 ± 0.144 58.370 ± 12.168 8.386 ± 0.142 8.586 ± 0.070
IIb -2.264 ± 0.096 42.036 ± 9.178 8.450 ± 0.140 8.388 ± 0.072
IIn -1.762 ± 0.141 48.389 ± 6.284 8.401 ± 0.100 8.543 ± 0.055
that is compatible with the untargeted SN Ia PTF group
(ADPISCO−Ia,U=0.29) and far from the targeted distribution
(ADPISCO−Ia,T=1e-5).
For CC SNe, we added 44 objects from the low-mass
project with significantly lower stellar masses (9.87 dex) on
average than all the other CC SN hosts in PISCO (10.32 dex).
These two distributions, in orange and dark red in Figure 4,
are clearly shifted from each other (AD low,other=8e-4). The
G16 CC SN host galaxy sample was already not compatible
with the targeted CC SN host compiled from the literature,
but was more similar to that than to the untargeted sample
(ADG16−CC,T=0.01, ADG16−CC,U=8e-6). The addition of the
new observations from the low-mass project shifts PISCO
CC SN distribution to lower values, but still it is not compati-
ble with the distribution of CC SN hosts discovered by untar-
geted surveys (AD PISCO−CC,U=1e-5), although it is now less
compatible with the targeted distribution (ADPISCO−CC,T=2e-
5).
The comparison of PISCO SN host properties with exist-
ing data for SN Ia and CC SN hosts leads us to conclude
that we have been able to construct a SN Ia host galaxy sam-
ple compatible with SN Ia hosts from unbiased untargeted
searches. However, we are still far from a representative CC
SN galaxy sample, although closer than in previous works.
This stresses the importance of continuing to obtain IFS data
of galaxies with low masses –8.0 < log 10 (M [M ]) < 10.0–
in order to construct a sample of CC SN host galaxies free
of biases introduced by targeted SN searches, which tend to
discover objects in high-mass metal-rich hosts.
5. LOCAL ENVIRONMENTAL PARAMETERS
In the following we study the differences between stel-
lar and gas phase parameters measured in the spectra cor-
responding to the 1 kpc-diameter aperture centered at SN lo-
cations. We show the normalized cumulative distributions of
star formation rate intensity (Σ SFR), Hα equivalent width, the
average stellar population age, and the oxygen abundance for
the different SN types. In addition, we study how the star for-
mation history (SFH) varies depending on the SN type found
at those locations. These results update those presented in
G14 and G16, which were obtained with a SN/galaxy sam-
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Figure 5. Top row: Normalized cumulative distributions of the star formation rate intensity, luminosity-weighted average stellar age, and Hα
equivalent width measured in the local 1 kpc SN environment. A dotted horizontal line at a 0.5 fraction represent the median value of the
distributions. Bottom row: Anderson-Darling statistic matrix of the three measurements for each combination of SN types.
ple less than half the size of the sample presented here. The
increment in size has also allowed us to further split SNe in
subtypes: from the 3 groups presented in G14 and G16 (Ia,
II, and Ibc), we are now able to differentiate between SN II
with signs of interaction (SN IIn) and other ‘normal’ SNe
II (including historical types L and P), and between types
Ib, Ic and IIb independently. However, for consistency with
our previous works, we still include the Ibc+IIb group in our
plots, which contain SNe that were accurately classified as
Ic, Ib, or IIb, together with other stripped-envelope SNe with
less accurate classification, such as Ibc or peculiar.
For visualization purposes of the individual measurement
errors, when constructing normalized cumulative distribu-
tions shown in Figures 5, 7 and 8, we generated 1000 dis-
tributions for each SN subtype by randomly sampling each
measurement using a normal distribution centered at the mea-
sured value and with the error as one sigma. In those Figures
and in Figure 6 we also summarize the results of the two-
sample AD tests performed among all distributions. Darker-
blue colors represent lower p-values which correspond to
distributions having underlying populations that are signifi-
cantly different from each other, while brighter-greenish col-
ors correspond to distributions that are similar to each other.
Average values of all parameters for each SN subtype are
listed in Table 4.
5.1. Correlation with star formation
The extinction-corrected H α flux F(Hα) is broadly used
as a proxy of the the ongoing star formation rate (SFR; Ken-
nicutt 1998b). Catalán-Torrecilla et al. (2015) demonstrated
that the H α luminosity alone can be used as a tracer of the
current SFR, even without including UV and IR measure-
ments, if the underlying stellar absorption and the dust atten-
uation effects have been accounted for, which is the case of
this work. In order to properly compare results from galaxies
at different redshifts, the fairest parameter is the SFR inten-
sity ( Σ SFR=SFR/area). Given that the spectra used in this
section have the same physical aperture in all cases (1 kpc),
this effect has already taken into account and our SFR mea-
surements are already SFR intensities.
In the left panel in Figure 5 we show distributions of Σ SFR
for all SN subtypes. For consistency, we also plotted together
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the stripped envelope SNe distribution (Ib+Ic+IIb, in red).
The SN Ia distribution shows the lowest average value. Al-
though SN Ia occur at both high and low Σ SFR, it is the only
type occurring at locations with log 10 Σ SFR < -3 dex. Most
of the CC SN types are clustered at higher values, but the SN
IIb distribution is significantly shifted to lower SFR intensity.
Moreover, the steepness of SN IIb distribution compared to
all other distributions also indicates that it is the narrowest,
with no environments with log10 Σ SFR & -2 dex.
5.2. Correlation with stellar age
The SSP fitting performed with STARLIGHT provides a
reconstruction of the star formation history (SFH). We here
calculate the luminosity-weighted average stellar age in all
1 kpc local spectra, and show the cumulative distributions in
the middle panel of Figure 5 for each SN type. Note that this
measurement is built from information of the continuum and
does not take into account the gas-phase emission lines at all.
The only significant difference between the distributions,
as expected, is that SNe Ia tend to happen at locations where
the average age of the stellar populations is older. CC SN
distributions are clustered at young ages, although the aver-
age values are ordered in a sequence from SN Ic, IIn, II, IIb
and Ib in increasing average age.
5.2.1. Hα equivalent width
While the Hα line luminosity is an indicator of the ongoing
SFR traced by ionizing OB stars, the Hα equivalent width
(EW) measures how strong this is compared to the contin-
uum, which is dominated by old low-mass non ionizing stars
and therefore accounts for most of the galaxy stellar mass.
EW(Hα) can be thought of as an indicator of the strength of
the ongoing SFR compared with the past SFR, which reduces
with time if no new stars are created, and therefore it is a re-
liable proxy for the age of the youngest stellar components
(Kuncarayakti et al. 2016).
EW(Hα) can be calibrated to stellar age using SSP mod-
els (i.e., Starburst99; Leitherer et al. 1999) assuming single
stars born in an instantaneous star formation and distributed
in mass according to a particular initial mass function (IMF).
Under these assumptions, HII regions are no longer bright in
Hα after ∼10 Myr. However, if either continuous star for-
mation bursts are considered or binary stellar populations in-
cluded, the ionizing populations can survive further extend-
ing the lifetime of Hα emission and therefore the correspond-
ing stellar ages up to ∼100 Myr (Eldridge & Stanway 2009;
García-Benito et al. 2011; Zapartas et al. 2017).
EW(Hα) is the parameter where the clearest differences
are found between different CC SN distributions, as can be
seen in the right panel of Figure 5. The SN Ic distribution
has the highest values, followed by the SNe IIn, II and Ib
distributions. Again, SNe IIb have significantly lower values
than other CC SNe. More than 20% of SNe Ia occur at lo-
cations with no or insignificant EW(Hα), which might mean
that there is no gas emission at all, or that the continuum
dominates the detected light by a large factor.
5.2.2. Star formation histories
Going one step further from the analysis of average stel-
lar ages, and given that SSP fitting allows reconstruction of
the star formation history, here we study the stellar popula-
tions younger than 300 Myr present at SN locations. From
the 248 models available in the “Granada” base used in the
SSP fitting, 112 models correspond to populations of interest
(< 300 Myr). We divided these models in 4 age bins: 0 to
20 Myr (40 models), 20 to 40 Myrs (12 models), 40 to 100
Myr (24 models), and 100 to 300 Myr (36 models). Note that
Granada base have four different metallicities for each age,
so the number of models with different ages in each age bin
is four times smaller.
Figure 6 shows the normalized cumulative distributions of
the percentage of models in that particular age bin that were
needed to reconstruct the observed spectra in STARLIGHT.
The middle panel in Fig. 6 shows the AD matrix. The dis-
tributions of the youngest age bin (upper-left plot) show a
similar sequence to the parameters studied at previous sec-
tions: SN Ic locations tend to need more populations in this
age bin, followed by SNe Ib and SNe IIn, whose distribution
is significantly different than SNe II. Again, the SN IIb dis-
tribution differs from the other two stripped-envelope SNe,
which make the common SNe Ibc-IIb distribution (red line)
be more similar to SNe II, than the individual distributions.
Finally, SNe Ia locations require a lower percentage of very
young populations, as compared to CC SNe. In the other
three panels we note how the SN Ic distribution shifts to the
left as the age bin goes to older ages, and SNe IIb and IIn are
the subtypes needing additional components of older ages.
Bottom panel of Figure 6 puts together all the information
shown in the upper panels, by normalizing the percentage in
each bin to the percentage of SNe II (black lines in the upper
panels). In this way, given the evidence of RSG being the
progenitors of SNe II, we can see how the percentages of
other SN types evolve as the age of the stellar populations
gets older. All trends pointed out above are clearly seen in
this Figure:
• SNe Ic (green) is above the normalization factor in the
first two bins and goes below in the two older bins.
This has to be read in terms of "SNe Ic have on average
more young stellar populations of 0-40 Myr than SNe
II".
• On the other hand, the SN Ib (yellow) evolution is flat-
ter in comparison to SNe Ic. While in the innermost
bin SNe Ib require more young populations than SNe
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Figure 6. Top: Normalized cumulative distributions of the luminosity-weighted percentages of models used in the best STARLIGHT fit divided
in 4 age bins of ages (0-20, 20-40, 40-100, 100-300 Myr). Bottom: Distributions of the average star formation histories divided in those 4 age
bins relative to the average percentages of the SN II distribution (black distribution in the panels above and throughout the paper).
II, the average in others bins is below. In general terms
SN Ib behaviour is quite similar to the Ibc/IIb group
(in red).
• SNe IIb (orange) requires more contribution of popula-
tions older than 40 Myr and less younger than 40 Mys
than SNe II. This is the opposite behaviour than SNe
Ic.
• Another interesting result is that SNe IIn (in purple)
have a bimodal behavior, with higher averages both in
the innermost and in the older bins and lower or similar
percentages than SNe II in the central two bins.
5.3. Correlation with metallicity
Oxygen is the most abundant metal in the gas phase and ex-
hibits very strong nebular lines at optical wavelengths. This
is why it is usually chosen as a metallicity indicator in in-
terstellar medium (ISM) studies. The most accurate method
to measure ISM abundances (the so-called direct method) in-
volves determining the electron temperature of ionized gas,
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Figure 7. Left: Normalized cumulative distributions of the oxygen abundance measured in the local 1 kpc SN environment. A dotted horizontal
line at a 0.5 fraction represent the median value of the distributions. Right: Anderson-Darling statistic matrix for each combination of SN types.
Te, which is usually directly measured from the tempera-
ture sensitive intensity ratios of collisionally excited forbid-
den lines (e.g., [O III] λ4363/λ5007; see Osterbrock & Fer-
land 2006), followed by an analysis of the various ionization
fractions in the zones of the HI II region which produce op-
tical emission lines. This has been very extensively applied
by observers over the past 30 years (e.g., Peimbert & Cos-
tero 1969; Stasi n´ska 1978; Diaz et al. 1987; Vilchez & Es-
teban 1996; López-Sánchez & Esteban 2009). Temperature
is anticorrelated with abundance which makes auroral lines
disappear in metal-richer environments, so other strong-line
emission methods have to be used instead. While theoret-
ical methods are calibrated by matching the observed line
fluxes with those predicted by theoretical photoionization
models, empirical methods are calibrated against HII regions
and galaxies whose metallicities have been previously deter-
mined by the direct method. Unfortunately, there are large
systematic differences between methods, which translate into
a considerable uncertainty in the absolute metallicity scale
(see López-Sánchez et al. 2012 for a review), while relative
metallicities generally agree. The cause of these discrepan-
cies is still not well-understood, although the empirical meth-
ods may underestimate the metallicity by a few tenths of dex,
while the theoretical methods overestimate it (Peimbert et al.
2007; Moustakas et al. 2010).
Figure 7 shows normalized cumulative distributions and
AD matrix for the local oxygen abundance measured using
the Dopita et al. (2016, D16) calibrator based on photoion-
ization models, but similar relative results stand when the
Marino et al. (2013) O3N2 empirical calibrator is used. Both
methods have the advantage of being insensitive to flux cal-
ibration and extinction due to the small separation in wave-
length of the emission lines used for the ratio diagnostics,
and neither suffer from differential atmospheric refraction
(although this is already corrected for when reconstructing
the IFS datacube; see Section 3). While we are not going to
strongly rely on the absolute numbers, in the following we
will discuss the results in a relative sense.
SNe Ia in PISCO tend to occur in metal-richer environ-
ments more so than all other core-collapse SN types, how-
ever the difference is significant only when compared to non-
interacting hydrogen rich (type II) SNe and SNe IIb. In fact,
SN IIb occur at significantly metal-poorer locations com-
pared to all other SN types except SNe II and IIn (although
AD is 0.09 and 0.07, respectively). The differences among
SNe Ic, Ib, and II are insignificant. Indeed, we noted al-
ready in Galbany et al. (2016b) that differences among these
types arise only when SNe discovered by untargeted searches
are used. Otherwise, the results are biased towards metal-
rich galaxies which are those observed by targeted searches.
From the 272 SNe included in PISCO, 205 were discovered
in targeted searches and 62 by untargeted surveys. When
adding all new observations from PISCO to the same com-
pilation of SNe from untargeted searches from the literature
presented in Galbany et al. (2016b)11, we recover the same
11 The sample studied here has the following differences with that used
in Galbany et al. (2016b): (i) we here do not include those SNe Ia mea-
surements that were performed at the center of their host galaxies but then
corrected by an offset of 0.029 dex to account for the difference between lo-
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Figure 8. Gas metal abundance measurements at SN locations from
PISCO and the literature. Here we only include SNe that have been
discovered by untargeted searches. On top, we show the normal-
ized cumulative distributions for each SN subtype, and at the bottom
panel we shows how several number ratios evolve as metallicity in-
crease. We calculated the ratio in three bins (limits at 8.35 and 8.65):
sub-solar, solar, and over-solar. Colored strips connect dispersions
measured in each bin.
sequence in environmental metallicity from SNe Ia to broad-
line SNe Ic. In the upper panel of Figure 8 all cumulative dis-
tributions are presented. Most of the measurements from the
literature were reported in the O3N2 Pettini & Pagel (2004)
scale, so we converted other measured in a different scale to
O3N2. Two dotted vertical lines represent the two breaking
cal and central values; (ii) we include the measurement of SN 2017ahn from
Kuncarayakti et al. (2017a), which was a single object from an untargeted
search; and (iii) we disregarded measurements of SNe environments from
other works that are now part of PISCO.
points used to divide in three bins, and the number ratios of
SNe of different types in those three bins are presented in the
lower panel of Figure 8.
Two important facts are shown in these ratios: (i) Even
when we have compiled a sample free of objects discovered
from targeted searches, it is not volume-limited and other bi-
ases can be at play (e.g., our search of CC SNe in low-mass
galaxies may be increasing the number of stripped-envelope
SNe at low metallicities, as shown by the Ibc/II ratio in Fig.
8 bottom panel), so differences between SNe II and stripped
envelope SNe may be accounted with caution. This was
pointed out recently by Graur et al. (2017) in their recent revi-
sion of LOSS SN sample, which although it contains targeted
SNe, it is volume-limited; and also (ii) despite this enhanced
number of stripped envelope SNe, when all three subtypes
are compared a clear sequence Ic-Ib-IIb from high to low
metallicity emerges. Figure 8 shows how the ratio of Ic/Ib
is highly dependent on metallicity, and also the upperpanel
shows the SN IIb distribution shifted towards lower metallic-
ities compared to SN Ib distribution.
6. HII REGION STATISTICS
We have seen in Section 5 that differences in the en-
vironment of different SN types can be affected by the
sample selection (e.g., local oxygen abundance shown in
Figures 7 and 8). These local measurements are compared
among different galaxies but are not normalized out by any
global property. For instance, we may estimate higher local
elemental abundance in the environment of a SN exploding
in the metal-richest region of a galaxy with low metal abun-
dance than another SN in the metal-poorest environment in a
galaxy that is more chemically evolved.
Pixel statistics techniques, such as the Normalized Cumu-
lative Rank (NCR) method used, e.g., in Anderson et al.
(2012) and Lyman et al. (2018) with Hα narrow-band imag-
ing as a proxy for SFR, have proved to be useful to find differ-
ences among objects when the samples compared are of large
enough size. In Galbany et al. (2016a) we presented a similar
approach to the NCR method but using H II regions instead
of individual pixels: we constructed galaxy-wide distribu-
tions of the several parameters measured in all HII regions
of the galaxy, and positioned the parent SN HII region values
in those distributions. In this way, the locations of SN par-
ent regions in these distributions are already normalized and
put into the same scale (0 to 1) allowing useful comparisons
among objects occurring in galaxies with a wide range of
characteristics. These distributions contain additional infor-
mation than the analysis presented in Section 5. If a SN type
was just randomly drawn from the population within galax-
ies then one expects a y-axis average of 0.5. An average rank
of a particular SN type that significantly deviates from 0.5
is suggesting that this SN type tends to prefer environments
